The translucent white-coloured, Gram-stain-negative, aerobic, non-motile, fusiform-shaped bacterium (designated strain SY72 T ) was isolated from waste-activated sludge. Optimal growth occurred at 30-37 C and pH 6.0-7.0. Phylogenetic analysis based on the 16S rRNA gene sequences revealed that the novel isolate belonged to the family Rhodobacteraceae of the class Alphaproteobacteria. Strain SY72
The family Rhodobacteraceae [1] within the class Alphaproteobacteria, comprises 107 genera with validly published names at the time of writing (www.bacterio.net/rhodobacteraceae.html). Members of the family have been mostly isolated from various aquatic environments, such as freshwater, tidal flat and marine environments [2] [3] [4] , and also the activated sludge process [5] , a type of wastewater treatment that involves a mixed metabolic process performed by a consortia of bacteria and protozoa. According to Zheng et al. [5] , Proteobacteria are the dominant phylum (30.1-67.2 %) in the wastewater treatment system. At family and genus levels, Peptostreptococcaceae (3.3-27.2 %), Phycisphaerales (0.9-14.2 %), Rhodobacteraceae (5.0-15.2 %), Azospirillum (2.1-11.9 %) and Rhodocyclaceae (0. 6-8.8 %) are the dominant bacterial communities in the sludge. Most of these communities belong to Proteobacteria. These bacteria can accumulate phosphorus in denitrification [6, 7] and play an important role in organic matter degradation [8, 9] . Members of the family Rhodobacteraceae are physiologically and metabolically heterogeneous, including both photosynthetic and non-photosynthetic bacteria [10, 11] . Phototrophy is recognized as a genus-specific character and an important characteristic in differentiating the genera of phototrophs from those of chemotrophs [12, 13] . For example, in the family Rhodobacteraceae, species of genus Rhodobacter contain bacteriochlorophyll a and are phototrophs, while the species of genus Pseudorhodobacter and Gemmobacter are non-phototrophs. The genus Tabrizicola was first proposed by Tarhriz et al. [14] and only one species, Tabrizicola aquatica, is validated in this genus. While chemoorganoheterotrophical and chemolithoautotrophical growth are observed in Tabrizicola aquatica, photo-organoheterotrophical, photo-lithoautotrophic and fermentative growth are not.
In this study, we characterized strain SY72
T , which was isolated from a sample of waste-activated sludge, by using a polyphasic taxonomic approach, including phenotypic and phylogenetic analyses. Based on the results of these studies, we suggest that the isolate represents a novel non-phototrophic species of the genus Tabrizicola in the family Rhodobacteraceae within the class Alphaproteobacteria.
During screening of bacteria degrading specific pollutants in waste-activated sludge, the wastewater sample was collected from a sewage treatment plant located at the mouth of the Nakdong River, Republic of Korea (35 05¢ 17.14 † N 128 57¢ 22.88 † E). Samples were diluted serially with phosphate-buffered solution (PBS) and plated onto Reasoner's 2A (R2A) agar (Difco) at 25 C. At 10 days after incubation, single colonies were selected and subcultured onto fresh same media, and isolated strains were preserved at À70 C in 20 % (v/v) glycerol. After 16S rRNA gene sequence analysis, strain SY72
T was selected for further taxonomic research. For polyphasic investigation, strain SY72
T and two reference strains, Tabrizicola aquatica KCTC 23724
T and Rhodobacter blasticus KCTC 15056 T , were cultivated on R2A media. Reference strains were obtained from the Korean Collection for Type Cultures (KCTC).
Cell morphology was observed by using CM-20 transmission electron microscopy (Philips) and motility was measured by phase contrast microscopy (E600; Nikon) by using cells grown on an R2A agar plate at 30 C for 2-3 days. The Gram reaction was determined by using a Gram-stain kit (Difco) according to the manufacturer's instructions. The temperature range (4, 10, 15, 18, 20, 25, 30, 37 , 40 and 50 C) and pH range (pH 3-9 using increments of 1 pH units) for growth were determined by incubating the isolates for 2 weeks on R2A agar. The pH range was adjusted by using appropriate biological buffers: 100 mM acetate buffer (for pH 4.0-5.0), 100 mM phosphate buffer (pH 6.0-8.0) or 100 mM NaHCO 3 /Na 2 CO 3 buffer (pH 9.0-10.0). The pH values after autoclaving were verified and revealed only minor changes. Growth in various NaCl concentrations (0-5 %, w/v, at 1 % interval) was evaluated in R2A broth. Photoautotrophic and photoheterotrophic growth were tested at light intensity 2400 lx under anaerobic conditions using modified Pfennig medium [15] as described in Tarhriz et al. [14] . For analysis of photosynthetic pigments, cells were suspended in 60 % sucrose solution and the in vivo absorption spectrum was measured by using a Lambda 35 UV/Vis spectrometer [16] .
Growth was tested on marine agar, MacConkey agar, nutrient agar, trypticase soy agar, brain heart infusion agar and R2A media. The Catalase activity test was performed by the observation of the formation of bubbles using commercial dropper catalase reagent (bioM erieux). Oxidase acitivity was determined with Bactident oxidase strips (Merck). API 20NE and API ZYM strips (bioM erieux) were used to determine the physiological and biochemical properties according to the instructions of the manufacturer. Acid production from carbohydrates was tested in the API 50CHB strip (bioM erieux) and oxidation of substrates was evaluated by using the GN2 MicroPlate system (Biolog). Sensitivity to antibiotics was tested on R2A plates by using antibiotic discs (Liofilchem): clarithromycin (15 µg), ceftriaxone (30 µg), imipenem (10 µg), minocycline (30 µg), novobiocin (30 µg), lincomycin (15 µg), amoxicillin (30 µg), streptomycin (10 µg), vancomycin (30 µg), neomycin (30 µg), nalidixic acid (30 µg), chloramphenicol (30 µg), kanamycin (30 µg), erythyromycin (15 µg), ampicillin (10 µg), tetracycline (30 µg), gentamicin (10 µg), penicillin G (10 µg) and carbencillin (100 µg). The differences in the morphological, biochemical and physiological properties of strain SY72
T from its nearest phylogenetic neighbours are summarized in Table 1 .
Genomic DNA was extracted and purified from cells grown on R2A agar as described previously [17] . The DNA was used as a template for amplification of the 16S rRNA gene and photosynthetic genes (pufL and pufM) of strain SY72
T . The complete 16S rRNA gene sequence was amplified with the universal primers: 27F (5¢-AGAG TTTGATCMTGGCTCAG-3¢) and 1492R (5¢-TACGG YTACCTTGTTACGACTT-3¢) [18] . The pufL and pufM genes were amplified by using pufLM-67F (5¢-TTCGAC TTYTGGRTNGGNCC-3¢) and pufLM-781R (5¢-CCAKSG TCCAGCGCCAGAANA-3¢) as described by Tank et al. [19] . The amplified genes were sequenced (at Macrogen, Republic of Korea). To ascertain the phylogenetic position of the novel isolates, a 1387 bp fragment of the 16S rRNA gene of strain SY72
T was compared with sequences obtained from the EzBioCloud database [20] and the GenBank/EMBL/DDBJ database (www.ncbi.nlm.nih.gov/blast), respectively. Gaps and ambiguous bases were removed and multiple alignments of sequences were performed by using the CLUSTAL_X program [21] . Evolutionary distances were calculated according to Kimura's two-parameter model [22] . Then, phylogenetic trees were reconstructed using the neighbour-joining [23] and maximum-likelihood [24] methods in the Molecular Evolutionary Genetics Analysis 7 (MEGA 7.0) software [25] . The tree topology was evaluated with a bootstrap analysis with 1000 replicates [26] . DNA-DNA hybridization experiments were performed using photobiotin-labelled DNA probes on a microplate [14, 27] using a Fluoroskan Ascent microplate fluorometer. Hybridization was performed at 51 C in the presence of 50 % (v/v) formamide and carried out reciprocally with three replications per sample; DNA relatedness is expressed as means of these three values.
Strain SY72
T was fusiform-shaped, 0.2-0.5 µm wide and 1.3-2.1 µm long (Fig. S1 , available in the online version of this article). Colonies were circular and translucent white. Cell division occurred by binary fission. Optimal growth occurred at 30-37 C and pH 6.0-7.0. In addition, strain SY72
T grew well in medium with 0-1 % (w/v) NaCl. However, it was observed that the isolate did not grow on marine agar or above 1.5 % (w/v) NaCl.
Comparative analysis of 16S rRNA gene sequences indicated that strain SY72
T was closely related to those of Tabrizicola aquatica KCTC 23724 T (97.8 %) and Pseudorhodobacter aquaticus DC2N1-10 T KCTC 15056 T (96.4 %), respectively ( Fig. 1) . Phylogenetic analysis based on 16S rRNA gene sequences showed that strain SY72 T was phylogenetically affiliated with species of Tabrizicola (Fig. S2) . The nearly complete 16S rRNA gene sequences were determined for strain SY72 T .
Strain SY72 T was distinguished from closely related strains, Tabrizicola aquatica KCTC 23724
T and Rhodobacter blasticus KCTC 15056 T , by morphological, biochemical and physiological characteristics such as cell size, cell shape, temperature range for growth, NaCl tolerance, enzyme acitivity, acid production and cellular fatty acid composition ( Table 1 ).
The DNA-DNA hybridization value between strain SY72 T and the closest phylogenetically related strain, Tabrizicola aquatica KCTC 23724 T , was 18.0±0.7 %. This value is below the threshold accepted for the phylogenetic definition of a novel prokaryotic species [28] .
These results suggest strongly that strain SY72
T could be classified as a separate species. Thus, on the basis of the genotypic data presented here, we believe that strain SY72
T should be considered as representative of a novel species of the genus Tabrizicola within the family Rhodobacteraceae.
The DNA G+C contents of strain SY72 T and the reference strains were determined by the method of Tamaoka and Komagata [29] with a modification. Briefly, genomic DNA was hydrolysed into nucleosides with nuclease P1 and alkaline phosphatase. The resultant nucleosides were then analysed by a high-performance liquid chromatograph equipped with a reversed-phase column (YMC Pack ODS-A). The DNA G+C content of strain SY72
T was 63.7 ±0.2 mol% (Table 1) .
Additionally, the cellular fatty acid profiles were measured using strain SY72
T and close relatives grown in the same R2A media (Table 2 ) because these all strains showed good growth in R2A media. Cellular fatty acids were saponified, methylated and extracted by using the MIDI/Hewlett Packard Microbial Identification System [30] following the manufacturer's instructions. The fatty acids were then analysed by using a gas chromatograph (model 6890N; Agilent) and were identified by using the Microbial Identification Sherlock software package. The cellular fatty acids of strain SY72
T and related type strains are listed in Table 2 . In strain SY72 T , the major cellular fatty acids (>10 %) were C 18 : 1 !7c (69.3 %) and 11 methyl-C 18 : 1 !7c (13.9 %), which is similar to Tabrizicola aquatica KCTC 23724 T (61.9 % for C 18 : 1 !7c and 17.4 % for 11 methyl-C 18 : 1 !7c). However, Rhodobacter blasticus KCTC 15056 T had C 18 : 1 !7c (69.3 %) and C 19 : 1 !6c/un 18.846/ C 19 : 0 cyc !10c (13.4 %) as major cellular fatty acids. Determination of the respiratory quinone system was performed as described previously [31] . As the result, the sole respiratory quinone was found to be ubiquinone 10 (Q-10), which is in line with Tabrizicola aquatica Polar lipids were extracted and identified by two-dimensional thin-layer chromatography [32] and separated by two-dimensional thin-layer chromatography using chloroform-methanol-water 
Tabrizicola fusiformis SY72 T (MF543060)

Tabrizicola aquatica KCTC 23724 T (HQ392507)
Rhodobacter ovatus JCM 14779 T (AM690348)
Rhodobacter azotoformans JCM 9340 T (D70846)
Rhodobacter johrii DSM 18678 T (AM398152)
Rhodobacter sphaeroides ATCC 17023 T (X53853)
Rhodobacter megalophilus KCTC 5602 T (AM421024)
Gemmobacter tilapiae KCTC 23310 T (HQ111526)
Gemmobacter aquatilis DSM 3857 T (FR733676) phosphatidylglycerol (PG), phosphatidylethanolamine (PE), phosphatidylcholine (PC), an unidentified phospholipid (PL) and an unidentified amino phospholipid (APL) (Fig.  S3 ). This polar lipid profile was similar to that of members of the genus Tabrizicola, which is composed of PC, PG, di-PG and PE as major polar lipids, but the absence of another unidentified phospholipid (PL2) distinguished strain SY72 T from the closest related strain Tabrizicola aquatica KCTC 23724 T [14] .
Gemmobacter aquaticus NBRC 104254 T (EU313813)
Gemmobacter fontiphilus LMG 25376 T (FJ906694)
Photoautotrophic and photoheterotrophic growth under anaerobic conditions were not observed for strain SY72 T (Table 1) . No absorption maxima at 377, 590, 803 and 860 nm were detected, which confirmed that it did not contain any photosynthetic pigments. In addition, strain SY72 T did not have the photosynthetic genes, pufL and pufM (Fig.  S4) . Strain SY72 T could not reduce nitrate to nitrite or nitrogen, while Tabrizicola aquatica KCTC 23724 T could.
On the basis of these data, strain SY72 T represents a novel species of the genus Tabrizicola, for which the name Tabrizicola fusiformis sp. nov. is proposed. The type strain is SY72 T (=KCTC 62105 T =NBRC 113021 T ), which was isolated from a sewage treatment plant located at the mouth of the Nakdong River, Republic of Korea (35 05¢ 17.14 † N 128 57¢ 22.88 † E). The DNA G+C content of the type strain is 63.7±0.2 mol%. 
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